Objective: Self-reported height is commonly used in population obesity research. Evidence has also shown a positive association between depression and obesity. We examined the extent of height misreporting and its impact on body mass index (BMI) calculations and classification, and explored whether depression is associated with height misreporting.
B
ody mass index (BMI) is a measure of body habitus calculated as an individual's weight (kg) divided by the squared of height (m 2 ), which characterizes the extent of obesity and is frequently used to estimate the prevalence of overweight/obesity and to investigate the associations between overweight/obesity and disease outcomes in epidemiologic studies. BMI is often determined relying on self-reported values of height and weight. Selfreported measures are easy to collect in large-scale studies. Many studies, however, have shown that people often misreport their weight and, in a fewer number of studies, their height. 1 Misreporting of height and weight could result in under-or overestimation of BMI. The degree of misreporting and ensuing under-or overestimation of BMI has been associated with sex, marital status, age, degree of obesity, and socioeconomic factors. [1] [2] [3] [4] [5] [6] For instance, research has reported that individuals of age 60 years and over are more likely to provide unreliable estimates of these measures to healthcare providers, 4 and that the older, females, and individuals with obesity are more likely to have lower BMI values calculated from self-reported height and weight than the actual BMI calculated from measured values. 5, 7 An increasing amount of evidence has shown a significant association between depression and obesity and it may affect self-reported height and weight. [8] [9] [10] Limited information is available on the association between depression and misreporting of height and/or weight. The association between depression and obesity may be either underrated or exaggerated due to misclassification of BMI resulting from misreporting of height and/or weight. Few studies have explored associations between depression and misreporting of weight and/or height, and all of them yielded null results. [11] [12] [13] These studies were, however, conducted among people with binge eating disorder or obesity. Whether an association exists in older women from the general population needs further investigation.
In this study, we evaluated data from a cohort of postmenopausal women who participated in the Buffalo Osteoporosis and Periodontal Disease (OsteoPerio) Year-5 Followup Study where both self-reported and measured heights were available. The accuracy of self-reported height and the impact of height misreporting on calculations and classification of BMI were explored. This information may be important in teasing out relationships between self-reported derived obesity measures and chronic disease. In addition, we assessed the association between depressive symptoms and misreporting of height.
METHODS

Participants
The Buffalo OsteoPerio Study is an ancillary study to the Women's Health Initiative Observational Study (WHI-OS) conducted at the University at Buffalo Clinical Center between 1997 and 2000. A total of 2,249 potential participants from the Buffalo WHI-OS were approached at the time of their year-3 annual clinic visit to join this study. Exclusion criteria included having less than six teeth, report of systemic bone diseases other than osteoporosis, steroid use, and report of cancer within the past 10 years.
14 A total of 1,362 eligible women participated in the baseline visit where they were asked about factors associated with both osteoporosis and oral health in addition to the questionnaires and measures conducted as part of the WHI-OS. Of those, 5 did not complete questionnaires and 16 had incomplete oral radiographs, leaving 1,341 women who were invited back for a follow-up study approximately 5 years later. During the follow-up visit, participants were administered the same questionnaires and examinations they had at the baseline visit. Some additional information was collected, including self-reported height. Among 1,341 women with complete baseline data, 101 were ineligible for the year-5 visit, 51 had passed away, 151 were not interested in participating, 3 had withdrawn from the parent WHI-OS, and 9 could not be found at the follow-up visit. 15 Ineligibility criteria for the follow-up study included diagnosis of cancer or immunosuppressive disorders, longterm use of antibiotics, or dental x-rays within the past year. 15 The data included in the present analysis were obtained from the remaining 1,015 individuals who completed the follow-up visit and questionnaires on self-reported height that was queried before clinic measure of height, and had height measured as part of the clinic visit. Of those individuals, 965 (95.1%) women had completed the Center for Epidemiologic Studies Depression Scale (CES-D), a self-administered questionnaire to assess depressive symptoms. 16 Both studies were reviewed and approved by the University at Buffalo Institutional Review Board. Written informed consent was obtained from all participants.
Data collection
Self-reported current height and clinically measured height were collected at the year-5 study visit. Actual current height was measured with a wall-fixed stadiometer (Perspective Enterprises, Kalamazoo, MI) in the clinical center according to standard protocols by trained and certified staff. The stadiometer measures within 1/16 of an inch. Self-reported height was asked on a self-administered questionnaire before measuring height in the clinic. Current weight was measured in the clinic by trained and certified staff using a calibrated scale (Health O Meter Inc, Bridgeview, IL) according to standardized protocols. No self-reported weight was obtained. Both measured and self-reported heights were used with measured weight to calculate BMI for the purpose of comparison.
Information on depressive symptoms was obtained from a shortened version of CES-D developed by Burnam et al. 16 The shortened CES-D contains eight questions. Occurrence of each symptom is rated on a distress scale of 1 to 4, with 1 meaning ''rarely or none of the time (<1 d),'' 2 meaning ''some or a little of the time (1-2 d),'' 3 meaning ''occasionally or a moderate amount of time (3-4 d),'' and 4 meaning ''most or all of the time (5-7 d).'' A total score of 0.06 or above (on a scale from 0 to 1) on the shortened CES-D has been shown to indicate that an individual has experienced significant depressive symptoms. 16 This Burnam screen showed 74% sensitivity and 87% specificity for detecting major depression and dysthymia as compared with the standard psychiatric interview used in clinical settings by psychiatrists in a subset of WHI participants (n ¼ 436). 17 
Statistical analyses
Accurate self-reported height was defined for this study as being within 1/2 inch or less of measured height and misreporting as being greater than 1/2 inch, either underor overestimating. Initially we examined factors that may impact misreporting of height including age, race, education level, and measured weight. Significant differences of height misreporting across key variables were tested using analysis of variance for continuous variables and x 2 tests for categorical variables. Accuracy of self-reported height was categorized into accurately reported, underestimated or overestimated height categories as well as accurately reported and misreported height categories. Additional analyses were preformed to assess the impact of misreported height on BMI. Misclassification of BMI was defined as !1 unit (kg/m 2 ) difference between BMI calculated from measured height and BMI calculated from self-reported height. We also determined the impact of misreported height on BMI categories including under-or normal weight (<25 kg/m 2 ), overweight (25 to <30 kg/m 2 ), and obese (!30 kg/m 2 ) according to WHO criteria. 18 Later, logistic regression models were used to assess the odds of misreporting height according to depression status. Data analysis was conducted with SAS version 9.2 (SAS Institute, Inc, Cary, NC).
HEIGHT MISREPORTING AND ITS IMPACT ON BMI
RESULTS
Information on participant characteristics overall and by accuracy of self-reported height is shown in Table 1 . Of the 1,015 women in this analysis, 446 (44%) misreported their height by greater than 1/2 inch, with 296 (29.2%) underestimating their height and 150 (14.8%) overestimating their height. The mean age of the participants was 70.5 (SD ¼ 6.8) years. Women who overestimated height were older than those who accurately reported and those who underestimated height (P < 0.01). The mean measured height is 1.3 inches shorter among those who overestimated height than those who underestimated height. Race, highest level of education, and measured weight were not significantly associated with misreporting of height.
We examined whether BMI calculated from self-reported height differs from that calculated from measured height. Among the 296 participants who underestimated their height by greater than 1/2 inch, the mean BMI calculated using measured height was 0.8 units lower than that calculated using self-reported height. As expected, women who accurately reported their height (ie, within 1/2 inch or less of measured height) had little discrepancies between their measured and self-reported BMI. The participants who overestimated their height had a mean BMI calculated from measured height that was 1.1 units higher than a mean BMI calculated from selfreported height. Misreporting of height in our participants resulted in approximately 12% of women misclassified by 1 or more BMI units as compared with BMI according to measured height. Larger impact of height misreporting on BMI was seen among women who misreported their height to a greater extent (ie, >1 inch). Of the 446 women who misreported their height by 1/2 inch or more, there were 121 women (27.1%) whose BMI was misestimated by greater than 1 unit. When assessing BMI according to WHO categories, misreporting height of 1/2 inch or more resulted in 63 women (14.1%) changing BMI categories ( Table 2 ). For those who misreported height by 1 inch or more, there were 109 women (67.3%) whose BMI was misestimated by 1 unit or more and 37 women (22.8%) whose BMI categories were misclassified ( Table 2 ). In addition, misreporting of height significantly changed the distribution of BMI WHO categories. The prevalence of overweight and obesity was 36.8% and 20.7% when using measured height, whereas it was 35.0% and 22.2% when using self-reported height (x 2 test: P < 0.01).
Of the 965 women with data on depressive symptoms, 82 (8.5%) were found to display significant depressive symptoms based on the CES-D scale using 0.06 as the cut point. 16 There was a higher percent of women with significant depressive symptoms in the underestimated (10.0%) and overestimated (11.8%) height categories than those who accurately reported height (6.8%) (P ¼ 0.09). When comparing those who misreported height to those who accurately reported, those who misreported were more likely to have significant depressive symptoms (6.8% vs 10.6%, P ¼ 0.04). The odds of misreporting of height is 1.65-fold higher (95% CI, 1.04-2.61) in women with significant depressive symptoms than those without, after adjusting for age, race, highest level of education, and measured BMI (Table 3) . When examining under-and overestimating height separately in multivariable-adjusted multinomial logistic regression model, the association of significant depressive symptoms with overestimation of height was slightly stronger (odds ratio ¼ 1.93, 95% CI, 1.03-3.61) than the association with underestimation of height (odds ratio ¼ 1.54, 95% CI, 0.91-2.60).
DISCUSSION
Our study found that height misreporting was common in older women, with 44% of participants misreporting their height by greater than 1/2 inch. Although modest, height misreporting had an impact on BMI calculations and BMI categorization. In our study, using self-reported height led to misestimation of BMI of !1 unit among 12% of overall participants, as well as misclassification of BMI of !1 category among 8% of overall participants. BMI is a tool commonly used to monitor the prevalence and trends of obesity. BMI is also an important variable in studies investigating the impact of obesity on chronic diseases or mortality. Although self-reported BMI is often obtained as a costeffective alternative to measured BMI, inaccurate BMI estimation could impact findings of these studies. Our study was conducted among a relatively healthy group of ambulatory postmenopausal women. It is possible that in women with other comorbidities, misclassification of BMI could be greater due to greater extent of height misreporting. Although weight has been recognized as often misreported and the impact of weight misreporting on BMI assessment has been reported, our study showed the additional importance of using measured rather than self-reported height, a measurement less studied for accurately assessing BMI, especially in older women. Postmenopausal women are more prone to bone loss and therefore loss of height due to vertebral fracture and other aging changes might be more common than in the general population of younger women and men. 19 Thus, surveilling height loss by objectively measuring height at each clinical visit helps identify potential vertebral fracture in postmenopausal women. 20, 21 It is worth noting that in epidemiologic studies, misclassification of variables is inevitable. Nondifferential misclassification would be expected to bias the estimates toward the null. In studies investigating associations between obesity and health outcomes, misclassification of height/weight is, however, of particular concern because the degree of biases in self-reported height/weight is likely to be differential across different status of obesity-related diseases. Differential misclassification may bias the estimates either toward or away from the null, making it hard to predict how misclassification influences study results. Therefore, measured height and weight should be obtained in these studies. In certain large-scale epidemiologic studies where objectively measuring height and weight is not feasible, several correction algorithms have been developed to correct for selfreported BMI to some extent. 22, 23 We hypothesized that older women with significant depressive symptoms reported their height less accurately than women who had not experienced these symptoms. Women with significant depressive symptoms may be more likely to be dissatisfied with their body image and thus more prone to underestimate height. They also may be less aware of changes in height, which may lead to overestimation of height. Our results support these hypotheses. Although a small number of women reported having significant depressive symptoms, this group had a 65% higher odds of misreporting height than those without significant depressive symptoms. Therefore, using objective measure of height rather than self-report is more critical among individuals with depression. Few studies have focused on the impact of depression on misreporting of height. A study by Jeffery et al 13 reported that depression had no effect on either self-reported height or weight of 250 women with obesity. Another study by White et al 12 found that misreports of height, weight, and BMI were not related to psychological disorders, particularly binge eating disorder, among 392 overweight adult. The discrepancy between these results and our study may be due to the make-up of the study populations as well as sample size. Our study had a larger sample size and included older women with a wide range of BMI, thus the results would be more generalizable.
In this study, 1,015 out of 1,341 women who completed baseline participated in the Follow-up Study and were included in the analytic sample of the present study. By comparing the relevant baseline characteristics of women included in this analysis to those of women who were not included, we found women who were not included were older (P < 0.01). As the extent of misreporting of height was found to be greater in older age groups, 4, 5 we expect that the misestimation and misclassification of BMI would be greater if the 326 baseline participants were included in the analysis. Although we found a positive association between misreporting of height and significant depressive symptoms, the observed association may be partially explained by underlying medical conditions that related to both depressive symptoms and misreporting due to cognitive impairment, such as hypothyroidism 24, 25 and obstructive sleep apnea.
26,27
We do not have data available to assess these conditions. Other limitations need to be taken into consideration. The generalization of our findings can only be made to similar community-dwelling postmenopausal women because the study population is relatively well educated and has a healthier lifestyle. In addition, as self-reported weight was not obtained, we were not able to consider this additional factor in misclassification of BMI calculated by self-reported measures. Strengths of this study include a relatively large cohort of postmenopausal women with both measured and self-reported heights available at one visit, thus teasing out the impact of actual height change due to time lag between self-reported and clinical measures. This is especially important for postmenopausal women whose height changes can occur over a short period of time. The use of a fixed stadiometer according to standardized protocols by trained and certified research staff minimized the measurement error.
CONCLUSIONS
In conclusion, we found that height is commonly misreported by postmenopausal women and that inaccuracy could distort BMI estimation and categorization. Misreporting of height was more likely to occur in those with significant depressive symptoms. Our study shows the importance of using objective height measurement rather than relying on self-report in studies monitoring the prevalence and trends of obesity or investigating the obesity-disease associations, as well as in clinical settings to identify height loss and potential vertebral fracture in older women. The association between presence of significant depressive symptoms and misreport of height warrants further investigation.
